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INTRODUCTION 


In th« construction of somo fallout models, 1 the approach taken is 
to u mo u number of basic parameters to establish standard intensity con¬ 
tours. Specifically, these basic parameters are weapon yield, fission 
yield percentage of total yield, height of burst, fallout particle ter¬ 
minal velocity, and wind velocity. The intensity contours obtained are 
then roluted to additional fallout properties. Among the latter, one of 
the most important is the mass surface density of fallout deposited at a 
location on the ground after a nuclear attack. This type of information 
is necessary for a number of civil defense protection evaluations, such 
as fallout shelter design and planning decontamination operations. In 
the Miller fallout model, 1 the relation between the mass surface density 
and the radiation intensity at various points of interest is referred to 
as a mass contour ratio. 


The mass contour ratio is defined as the ratio of the total fallout 
weight per unit area deposited at a location inside the fullout region 
to the observed radiation intensity generated by the fallout at u time 
after detonation. Mathematically, it may be expressed as 


M r (t) 


m gm/sq ft 
I<t) r/hr at t 


( 1 ) 


where 

M (t) is the mass contour ratio at time t after detonation 
m is the total fallout mass per unit an a deposited 
I<t) is the measured ionization rate at 3 ft above the ground at 
time t after detonation. 


The mass contour ratio at a particular location may be determined 
by direct measurements of its elements. However, it is desirable to ex¬ 
press M r (t) as a general function of the basic parameters of the fallout 
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model. Thu*, Equation 1 may be written in the equivalent form 


M (t) = m ' _ gm/ fission _ . . 

r 1 (t)/«f r/hr at t per fission sq ft 

where a^ is the total number of fissions per unit area at the point of 

desposition.* 

If the numerator of Equation 2 is defined as the reciprocal of fall¬ 
out spocific activity, c f , and the denominator as the intensity-activity 
conversion factor, K s (t), the mass contour ratio may be expressed as 


M r (t) = 


1 gm/sq ft 
:) Cf r/hr at t 


The evaluation of the mass contour ratio is thus reduced to the anal¬ 
ysis of the two components: fallout specific activity and the intensity- 
activity conversion factor. The purpose of this report is to present data 
on fallout specific activity from Shot Small Boy with the immediate objec¬ 
tive of expressing Cf as a function of some of the basic parameters of the 
fallout model. The various parameters on which the evaluation of K s (t) 
depends are discussed in Reference 1. 

In spite of the discussions in Reference 1 and in other previous 
presentations regarding the significance of these parameters, developed 
almost a decade ago, little attention has been given to their evaluation. 
The occasional rediscovery of the principles on which these param¬ 
eters are based 2 * 3 and their neglect in subsequent fallout studies, with 
few exceptions, should hopefully be discontinued. 


* The term fissions, as used here, refers to the initial number of fis¬ 
sions occurring in a detonation or the number of atoms of fissile mate¬ 
rial that fissioned. 


2 




THEORY 


In the Miller theory of fallout formation for n surface nuclear det¬ 
onation, 1 soil particles are entrained by the fireball (and rising cloud) 
created by the detonation and a small percentage of the total is vapor¬ 
ized. In the subsequent condensation process, very fine particles with 
fission products fused within or attached to their surfaces are created; 
many of these coalesce with other larger melted and unmelted particles 
(together with residual vapors of the more volatile elements). The soil 
particles that are not vaporized generally reside in the fireball and 
cloud for a shorter period of time and constitute the larger fallout par¬ 
ticles, The latter are soil particles that enter the fireball at later 
times and leave the cloud at earlier times. As a result, many of these 
particles are only partially melted or are not melted at all„ This being 
the case, the fission products are only fused into the outer layer or 
attached to the surfaces of these particles. 

From this qualitative description, it may be concluded that the radio 
nuclide concentration of the fallout should decrease approximately as an 
inverse function of particle diameter for the medium to large particles 
and approach a constant value for small particles. The theory also indi¬ 
cates that two general forms of particles should exist: ( l) glasses and 
(2) crystals. The glass particles are formed from vaporized and melted 
soil; the crystal particles are formed from vaporized and melted soil; the 
crystal particles are from son grains that were not exposed to melting 
point temperatures. The crystalline particles, regardless of size, would 
be expected to collect iate-condensing fission product elements on their 
surfaces and their concentration should vary inversely with particle diam¬ 
eter. A similar relationship should occur for the larger glass particles 
where only a thin layer of glass is formed on the surlacc partially 
melted; interior ol particle is still crystulline^. 

The radio nuclide concentrations of smaller glass particles are ex¬ 
pected to be constant unless the late-condensing fission products contribute 
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significantly to the amounts of each carried by the particles (these ele¬ 
ments would condense on the surfaces of the glass particles in the same 
way as they do on the crystalline particles). Their concentrations would 
then have some dependence on particle diameter. The distribution of the 
radionuclides in a sample of fallout that consists of a mixture of both 
types of particles thus may not be readily specified although it would ap¬ 
pear that all combinations would result in an average concentration that 
decreased with particle size. 

Since there is a definite relationship between particle diameter and 
average particle terminal falling velocity for a particular weapon deto¬ 
nation, 4 the terminal velocity may be used as a parameter of the fallout 
model instead of particle size. Velocity is more convenient than size in 
the model under consideration, 1 and is thus considered a basic parameter. 

The radionuclide concentrations in fallout, in consequence, should be a 
decreasing function of the particle terminal velocity. 

As a first step in the analysis and correlation of specific activity 
data, as a gross measure of radionuclide concentration, it i s hypothesized 
(in spite of the complications discussed above) that a unique functional 
relationship exists between the specific activity and the particle diameter. 
It is further assumed that this function is related to the average specific 
activity by 

c^(d) = f(d) fissions/gm (4) 

where 

d is the particle diameter in microns 
c* is the average specific activity defined as the ratio between the 
amount of fission products produced and the total weight of soil 
material drawn into the fireball and cloud to form fallout, 4 

and 

f(d) is a characteristic weighting function that is essentially inde¬ 
pendent of weapon size and burst condition, but depends on the char¬ 
acteristics of the soil at ground zero and on the particle diameter. 


* By defining c in terms of fissions, it is clear that unfractionated 
fission prodi’-'t mixtures are being represented by Equation 4; in this 
definition, iractionation effects are included in f(d). 


« 

■i 
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Because of statistical fluctuations and possibilities of wide varia¬ 
tions in detonation conditions, the hypothesis for which Equation 1 is 
written may not be strictly valid in any given case, such as for large 
particles in which the radionuclide distribution is highly nonuniform. 
However, it has been observed 5 that for most nuclear detonations, more than 
90 percent of fallout activity is associated with particles whose diam¬ 
eters are smaller than 1,000 microns. It will also be seen later in the 
current study that the gross specific activity does not vary greatly lor 
particles whose diameters are between about 100 and 1,000 microns. There¬ 
fore, the above assumptions serve as a reasonable starting point for in¬ 
vestigating the effects of weapon yield and burst height on the gross 
specific activity of local fallout. 


The weight of soil drawn into the rising fireball may be estimated 
either by the amount of soil removed on forming the apparent crater or by 
the amount of soil that can be melted in the fireball. These estimates 
constitute upper and lower bounds on the total weight of the particles in 
the fallout, and the gross specific activity is thus also limited by these 
constraints. 


According to Reference 1, for a surface burst with a soil density 
of 110 lb/'cu ft and a fission equivalent yield of 1.4 X 10' fissions KT, 
the maximum and minimum gross specific activities as functions of weapon 
yields are 


C* 

1.4 

, P ^ 

" 10 “ 

BW 

'\ 

to 

x 10 14 

BW ‘ 0 1 " 

fissions 

(5) 

f max 


nif 


gm 

* 

Cr 

1.4 

X 10 :!3 

BW 

= 2.74 

/ 10 13 

BW •' 

fissions 

(0) 


c 


where 


c* max is the maximum gross specific activity 
c f min is minimum gross specific activity 

B is the fraction of fission yield 
W is the total weapon yield in KT 
Af is the weight ol soil that may be melted by energy in tin 
fireba11 


and 


m c is the weight of soil removed from the crater 
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Since the weight of material removed from the crater would, in most 
cases, be the controlling factor of the amount of material available as 
condensation sites for the radioactivity, the value of Cf should increase 
slowly with yield in the same fashion as c£ Thus, as a first approx¬ 

imation, Cf may be expressed as 


c* BW 
io 


o.o e3 fission 

gm 


(7) 


where cf 0 is the gross specific activity of a 1 KT, 100 percent fission 
yield surface burst (i.e., ideally, for a uniform mixing of the radionu¬ 
clides with a given fraction of the material removed from the crater). 


For a subsurface burst, the amount of soil available for fallout 
formation increases with increasing depth of burst until a maximum is 
reached, then starts decreasing as less soil is thrown out of the crater 
area. Therefore, the gross specific activity decreases rapidly as the 
burst depth increases, until the maximal amount of soil available for 
fallout is reached. At greater depths, only the more volatile radionu¬ 
clides escape and the concept of the average specific activity has no 
further application. Also, the application is of no interest here. 


On the other hand, for an aboveground burst, the amount of soil avail¬ 
able for fallout decreases with increasing height of burst. However, the 
soil particles enter the fireball at increasingly later times as the height 
of burst increases and the relative amount of radionuclides intercepted 
will decrease. Therefore, the gross specific activity should increase 
with height of burst until a maximum is reached and then start to decrease 
with further increases in burst height (all for a given detonation yield). 


To correct the change in gross specific activity due to height of 
burst (burst depth is defined as the negative of burst height) a burst 
height correction factor, K f -,, is defined by 


= K... c 




( 8 ) 


where c f . is the gross specific activity at the scaled height given by 

, = li W ■ i - . " 




ft (KT 


(9) 




with h equal to the height of burst in feet and W equal to the total 
weapon yield in KT. 

In summary, the specific activity function for a nuclear detonation 
of the types discussed may be expressed as 




ANALYSIS 


General Procedures 

The first step in the analysis of the data consisted of tabulating 
the radioactive and weight measurements of the Small Boy fallout samples 
as a function of particle diameter. The radioactivity data were then 
decay-corrected to a common time and compared to eliminate apparent in¬ 
consistencies and to minimize the effect of experimental error. 

The data were then analyzed according to the hypothesis that each 
sample consisted of three separate physical components: (l) nonactive or 
extraneous soil particles and other debris, (2) intact fallout particles, 
and (3) fallout particles broken during analysis. These three components 
were known to be present by observation of the presence of inactive sand, 
smaller rocks, and twigs; by discontinuities in the activity-particle 
size and weight-particle size distribution curves; and by the persistence 
of small particles in tho samples of very close-in fallout. The contribu¬ 
tion of each component in oach set of sample data was determined by graph¬ 
ical analyses and correlation of the cumulative activity and mass distribu¬ 
tions, so that the relative amounts of the discrete or intact fallout par¬ 
ticles (which are viewed os the original fallout particles arriving on the 
ground) could be estimated. 

The reduced data were re-examinod for consistency and correlated to 
show variations with particle diameter and terminal falling velocity. 

The resulting specific activities finally were compared with computed 
theoretical limits for Shot Small Boy. 

Data Collection and Reduction 

Relatively complete sets of data on the activity and weight of fall¬ 
out particles ns functions of their sizes were collected for the fallout 
Iron Shot Small Boy.* 5 ' 7 The fallout samples wore collected on trays placed 
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«» various lucauon* downwind frum ground M»ro, The mdl-uuU vi ty content 
»«l Hip MUipli'N wu* 11 »'« I meiiNUt'ed with a gamma HtinU llaltoii counter, 

Titpn wmli sample whn separated into various *1 hp tnu t Ion* l»y sieving, and 
iMH'h Hi imi f rnrli mi was weighed Mini 11H activity measured III h 4-p» gamma 
Ionisation chamber, Kt tin 11 y» portion* ol rtoverul of the sample* wore 
niiulyn’d hy radiocliemtst ry, nml III* fission content hh well a* the degree 
ul tractioiint Ion were determined for each Him* fraction ol these sample*. 

Since the above constitute three separate measurement* of sample ac- 
tivlty, the reliability ol ent'li may tie evaluated hy a comparative process. 

To ohtula the relative amount of radioact 1 vlty In eat'h sample, the 
meaHuremeutN were all corrected to the common time ol II * 1U0 lioum, To 
do thiM, a composite decay curve applicable to all Hire traction* wan con- 
Mtructod, The decay rate lor subsieve Mine particle* (i»e,, those with 
diameters of lea* than 40 microtia) was found to he particularly rapid, 
and although the decay rates of the other slae fractions did not deviate 
greatly from one Another, the differences did reveal that varloun degrees 
of fractionation occurred in each si*e group. However, since almost all 
the meuauremeniH were made near H 100 hour*, the decay correction fac¬ 
tor* were not very large, and the uae of the composite decay curve pre¬ 
sented in Figure 1 was considered to ho applicable to nil measurements to 
an accuracy of within 10 porcont. 

Radiochemical analyses were performed by three laboratories: Tracer- 
lab, Incorporated; Haxleton Nuclear Science Corporation; and Nuclear Sci¬ 
ence and Engineering Corporation, The fission equivalents of Sr-89, Sr-90, 
Y-91, and Zr-93 were measured by h 11 three laboratories. In addition, the 
fission equivalents of Mo-99, Ru-103, Ru-106, Te-132, Cs-136, Cs-137, 
Ba-1'10, Ce-141, and Ce-144 wore measured by the first two laboratories, 
and of Te-131 by Tracerlub and Nuclear Science and Engineering, 

The three radionuclides, Zr-95, Mo-99, and Ce-144, appear to be un¬ 
fractionated with respect to each other. Therefore, the fission equiv¬ 
alents of these three nuclides in each sample should be approximately the 
same. Since the measurements made by one of the laboratories showed close 
internal agreement, its data were used as standard ones, and adjust¬ 
ments were made in the results obtained by the other two laboratories. 
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Furthermore, the percentage yield of Mo-99 varies tho least in various 
kinds of tin*ion; N thus, the fission equivalents oi Zr-95 and Ce-ldd wore 
corrected to thone of Mo-99 to reduce further possible errors canned by 
inaccuracies in the uns timed relative abundances of 1 lesion products. 

Data Analysis and Correlation 

Theoretically, for a given size of tho particle cloud and known wind 
speeds, definite limits exist in the range of particle sizes of fallout 
that can deposit at a particular location. Howovor, larger fullout pnr- 
ticlos can carry small particles on their surfaces, and whou those small 
particles are rubbed off in dry sieving and washed off fn wet sfevlng, 
thoir presence in tho sample will be detected. Furthermore, the fallout 
from land bursts will contain fallout particles that are agglomerates of 
smaller particles (sintered to various degrees of adhesion). Many of 
these particles may be partly or wholly broken in sieving. Moreover, 
most fallout samples contain extraneous dust and sand particles. The 
source of these particles consists of debris raised by the blast wave 
pusslng over the collecting areas for the closer-in samples and of wind¬ 
blown debris at other collecting stations (especially if they are ex¬ 
posed in an open position for an extended period of time). The latter 
debris may be larger than the upper size limit of the fallout. When 
sieved, small amounts of fallout activity will often be found attached 
to these inert particles. Therefore, in the sieving analyses, not only 
particles but also radioactivity is found in all size fractions. If the 
measured activity data are expressed directly no a function of particle 
size, those data associated with sizes significantly smaller or larger 
than the theoretical minimum and maximum sizes for true f.jliout particles 
are obviously incorrect. 

Once it is recognized that each fallout sample consists of three com¬ 
ponents (i.e., extraneous particles, intact fallout particles, and fall¬ 
out particles broken during the sieving process), it follows that the 
fallout activity-particle size distribution curve of the sample will be 
a composite of three distinct distributions, each corresponding to one 
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of the components. In some casos, the component distribution curves will 
cover different purticle size ranges with the size range of the intact 
fallout particles lying between those of the extraneous and broken parti¬ 
cles. Assumed component distribution curves for this case are shown in 
Figure 2 with their respective fractional contribution to the total sam¬ 
ple Indicated. By direct computation, it can be shown that the composite 
of these three component curves will not be a continuously smooth curve 
but rather a curve with break points occurring at the size range limits 
of the intact fallout particles, as can be seen from the composite curve 
in Figure 3. This is the typical characteristic of all the activity-size 
distribution curves of the fallout samples from Shot Small Boy. By using 
the percentages at the break points to estimate the fractional contribu¬ 
tions of the three components and by redistributing the activity associ¬ 
ated with the extraneous and broken particles back onto the Intact fallout 
particles, a first estimate of the activity-size distribution of the true 
fallout particles (that is, the original fallout particles before sieving) 
can be derived. 

The described method would not be applicable if the activity associ¬ 
ated with the particles of one of the three component distributions were 
not the major portion of the total activity. However, the analysis of 
gamma ion current data in the manner described above showed that, for most 
of the fallout samples collected, more than 90 percent of the total activ¬ 
ity was associated with particles of the middle-sized distribution. Usu¬ 
ally, about 5 percent was associated with smaller broken particles, and 
less than 3 percent of the total activity was associated with larger ex¬ 
traneous particles. This separation of components, however, does not elim¬ 
inate inactive extraneous particles with diameters that are the same as 
those of original fallout. The amounts of these particles present can 
only be estimated through comparison of the specific activity of each 
size group from all samples, as discussed below. 

The fission equivalents and gamma ion current data were measured ac¬ 
cording to size fraction. If both measurements are accurate, their ratio 
within the same group should be similar since there is no a priori reason 
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(at this point) to believe that this ratio should be different for a large 
number of particles of a given size range simply because of a difference 
in location in the fallout area. These ratios have been computed for sam¬ 
ples collected at various downwind locations and are presented in Table 1 
along with the estimated limiting particle sizes for the respective sample. 
The data are also shown in Figure 4. 

The values of the ratio for particle sizes smaller than the upper 
limit of the respective sample are generally ir good agreement. The in¬ 
consistent values shown in sizes larger than the upper limit reinforce 
the argument that the larger sizes in the sample were not part of the true 
fallout size distribution. 

A smoothed curve is drawn through the geometric means of the ratios 
in Figure 4. Because of the wide spread in the size range, the curve is 
only suggested as a first approximation of the variation in ion current 
per fission at H + 100 hours with particle size for the Shot Small Boy 
fallout. The mean values of the ratios can be checked independently by 
using decayed sample size fractions in the following way. 

The decay oi the gamma ion current and gamma count rates per fission 
for an unfractionated fission product mixture was computed using data 
from References 1 and 6. In the period of D + 150 days to D + 300 days, 
about 70 percent of the total gamma ion current is contributed by Zr-95 
(Nb-95) and 25 percent by Ru-103 and Ru-106, The degrees of fraction¬ 
ation of the latter two radionuclides in the various size fractions of 
fallout particles can be estimated from the radiochemical analyses , These 
estimated fractionation numbers* i»re presented in Table 2. Since Zr-95 
and NB-95 are assumed to be unfr. Monated with respect to Mo-99, the 
approximate gross fractionation numbers (see Reference 9 for the defini¬ 
tion of the gross fractionation number as applied to a previous analysis 


* The ratio of the activity of the nuclide in question to that of a ref¬ 
erence nuclide (e.g., Zr-95) as observed in a fallout s.imple relative 
to the same ratio estimated for an unfractionated sample. 
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Table 3 


ESTIMATED KRACTIQNATIuN NUMBERS OK Ru-103 AND Ku-llM RKMTIVK 
TO Zr-iM IN VARIOUS SIZE FRACTIONS OK SHOT SMAl.L IIOV KAU.OUT 




Mean Particle 

Sl«e of Sieved 
(micron*) 

Fraction 



Nuclide 

32 

66 

laa 

36 4 

530 

TjwmT 

T. 130 

3.'l00 

Ru~103 

1.73 

1.05 

0.6N0 

0.433 

0,373 

0.48 3 

0.480 

0,333 

Ru-1U6 

1.49 

0,690 

0.398 

0,108 

0.091 

0,137 

0,180 

0,067 
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of the Small Boy fallout data) of the fission products mixture in this 
period of time may be computed, and they are tabulated in Table 3. 

Combining the values in Table 3 with the computed unfractionated 
gamma ion current gives the decay of the gamma ion current per fission 
in the period of D + 150 to D + 300 days for the fractionated fission 

j 

product mixture associated with the different particle size fractions. 

The actual measured gamma ion current of a size fraction sample in this 
period should be proportional to that computed for the size fraction, and 
their ratio should give the fission content of the sample. Since decay 
data from D + 2 to D + 200 days were measured for each size fraction sam¬ 
ple, the fission contents of the samples and values of gamma ion current 
per fission at H + 100 hours may be estimated. The variation of ion cur¬ 
rent per fission with particle size obtained by this treatment are shown 
in Table 4. These data appear to be in complete agreement with the mean 
values given in Table 1. 

A few cloud samples were collected by airplanes flown through the 
radioactive cloud. These samples consisted of fallout particles with di¬ 
ameters of less than 40 microns. Their fission contents and gamma ion 
currents at H + 100 hours are listed in Table 5. The ratios of these two 
sets of data are consistent with the mean value for particles of less 
than 44 microns given in Table 1. 

The spread in the ion current per fission values for each particle 
size in Table 1 may be partially caused by spread in the radiochemical re¬ 
sults and partially by the artificial selection of mean particle sizes 
for various sieved fractions. Furthermore, the spread jn the values is 
largest for the smallest and largest particle diameters. This fact may 
indicate that there are small particles mixed into the large size frac¬ 
tions and that the mean diameter of the small particles in each sample is 
quite variable (subsieving analysis was not performed). 

The major significance of the variation in ion current per fission 
with particle diameter is that it indicates the manner in which the frac¬ 
tionation depends on particle size. The curve first decreases with par¬ 
ticle size to a minimum at about 450 microns. It then increases slightly 
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TaUU ti 

*!«*T I MATi:i) UHOjW I'KACTIONATION NUMDKK8 


Time tftsr Mean Partiule 8Uv in Sieved Fraction 

Detonation (micron*) 

-nn 1 n rrr— —m— i—i— mrnmmm n - m t i ww i - ~ i -r fur . . m ——— 


- x<I*yt> 

22 

vv 

132 

294 

330 

l,08t 

2,120 

0.400 

97.3 

1.19 

0.999 

0,29*4 

0,929 

0.913 

0,942 

0,943 

0, 790 

143 

l.ie 

0 , 92 a 

0,292 

0,939 

0,024 

0.949 

0,849 

0,799 

20V 

l.H 

0,999 

0,972 

0,929 

0,991 

0.939 

0,943 

0,903 

301 

1.13 

0,92V 

0,919 

0,791 

0,734 

0. 770 

0. 790 

0.741 
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UN lUIWUCNT I'Ktt MISSION K8TIMATND KHOM ION CHAMUKH MKANl’KKMKNTS 
AND COWR'TKD ION CIIAMBKK USCAV CUHVK 
•20 

<10 mu , fiiuiun ut It * 100 Uouru) 

Mean Purtiol# Slav of Slavad rrnotion 



Sumpl# 


(micronn) 




Station 

Numbar 

22 66 

132 

264 

830 

1.060 

2.120 

too 

PO-1 

4,60 

0,885 

1,04 

0.89Q 

0.910 

1.14 

201 

AO-8 







201 

AOC 




0.830 


1.05 

303 

AOC 




0,830 


1.26 

803 

AOC 




1.04 



305 

AO-3 

4.60 






507 

P0-4 

4.44 

1.00 





601 

AOC 




1.20 



705 

AOC 



0.940 




615 

LAC 


0.990 

1.11 





1.13 




Table ft 


ACTIVITY DATA FOR SHOT SMALL DOY CLOUD SAMPLES 


Sample 

Fission Content 
<10 13 fissions) 

Ion Current 

(10 -7 ma at H + 100 hra) 

i(100) 

(10*20 m/t) 

827-L1-2A 

9.91 

46.6 

4.70 

837-L1-1A 

3.22 

41.1 

12.8 

837-L1-2A 

8.85* 

36.4 

4.11 

842-R1-1A 

2.32 

17.9 

7.72 

842-R1-1C 

2.47 

11,3 

4.57 

842-R1-1D 

4.48 

17.4 

3.88 

245-L1-2 

2.32 

14.7 

6.34 


• Value estimated from deaay data 


* — 





at very large particle alxea. A similar variation with particle alee in 
the groaa solubility oi the radionuclides la observed,•' 7 

By using the mean Ion current per fission values in Table 1, the fis¬ 
sion contents can be estimated for samples for which no radiochemical 
analyses have been made. The fission rontent along with ion current and 
gamma count rate densities for all fallout samples are summarized in Ta¬ 
ble 6, The values for each fallout collection station are generally con¬ 
sistent with one another. Their mutual ratios as a function of median 
sample particle diameter aro shown separately in Figures 5, 6, and 7. Tho 
data of Table 6 are similar to those previously deduced by Miller and 
Sartor 7 although tho revised fission contents are generally 10 to 20 per¬ 
cent lower. 

To evaluate the amount of Inactive particles present in the fallout 
samples and the true specific activity of the particles, the gross parti¬ 
cle weight diatrlbutions for all samples were analyzed. Since the weight 
of the smaller broken fallout particles was generally negligible compared 
with the weight of the intact fallout particles and of the background 
dirt, the gross weight distribution is primarily the composite of the dis¬ 
tributions of the latter two. As noted above, the intact fallout par¬ 
ticles have a definite size range at e particular location while the back¬ 
ground dirt may be present in all particle sizes. Therefore, break points 
will still occur at the size limits of the intact particles on the dis¬ 
tribution curve, but the distinctness of the break points will depend on 
the relative abundance of the two kinds of particles. In the actual data 
studied, break points were observed for most of the fallout samplos. 
Moreover, the break points on the weight distribution curve for a sample 
appear at the same sizes as they do on the activity distribution curve. 

A first order estimate of the weight percentage of background dirt in a 
fallout sample may also be estimated from the weight distribution curve. 
The percentage varies considerably with the location where the sample was 
collected and with the amount of fallout. For samples collected along 
the hot line and from points less than five miles from ground zero of Shot 
Small Boy, the background dirt in each sample was generally less than 
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Table 6 


SUMMARY OF RADIOACTIVITY CONTENT OF SHOT SMALL BOY FALLOUT SAMPLES 





U<ioo> 

1,(100) 

1(100) 

Ai 


ii(lOO) 

1,(100) 

ll'(lOO) 

ia (100) 

r,(ipo) 

i* (100) 

•tl- 

Sample 

<Ud 

no- 

U0-* 

(10* 


<io‘* 

<10“ # ° 

<10'““ 

(10"* 

no- 


<10" U 

tlon 

number 


ma/ft") 

■»/((*> 


t/tt ) 

(/ft*) 

ma/f) 

■»/() 

c/«/f) 

c/m/1) 



100 

PC-l 

610 

206 

219 

2,16 

2.12 

a.il3 

0,980 

0,985 

1.03 

0.978 

3.954 

1.00 


PC-2 

(610) 


230 

3.34 


ii.aa* 


0,979 


1.00 


0,983 


PC-4 

(610) 


235* 

2.47 


a.M* 


0.985 


1.03 


0.951 


PC-8 

610 

232 


2.06 

2,39 


0,968 


0.858 


1.13 



PO-1 

820 

312 


3,70 

3.17 


0,987 


1.17 


0.843 


101 

OC-1 

1,130 

2,170 


23.6 

2.15 

h 

1.01 


i.n 


0.912 



AO-1 

(1,130) 



19,9 


2 , OCT 




1.00 




At)-4 

(1,130) 


2,070* 

19,2 


1.97* 


1,05 


0,975 


1.08 


AO-6 

1,130 

2,020 

1,970 

20,0 

19.9 

1.94 

1.01 

1.01 

1.00 

1.03 

1.01 

0.085 

201 

AO-4 

850 

•37 


7.14 

8.67 


0.943 


0.805 


1.17 



AO-7 

(660) 



6.24 


8.27 b 




0.996 




AO-6 

(680) 


850* 

8,37 


8.00* 


1.06 


1.06 




AO-9 

880 

895 

637 

8.10 

9.45 

8.79 

0.947 

0,952 

0.887 

0,922 

1.10 

1.03 


AO-lO 

680 

853 

914 

8,40 

8,94 

9.66 

0.953 

0.948 

0.940 

0.870 

1.02 


203 

PC-16 

600 

242 

254 

2.42 

2.72 

2.76 

0.923 

0,924 

0.890 

0,680 

1.00 

1.05 


PC-21 

(600) 


278 

3.73 


2.98 b 


0,933 


0.916 


1.02 


PC -22 

(600) 


254* 

2.94 


2.70 


0.941 


1,03 


0.894 


PO-3 

730 

360 


3.54 

4.14 


0.942 


0.836 


1.10 


3 Oft 

AO-1 

(840) 


376* 

3.41 


3.8!* 


0.995 


0.995 


1.11 


AO-2 

(540) 



4.01 


4.77 b 




0.94$ 


c 


AO-3 

540 

429 

438 

9.19 

4.89 

4.75 

0.915 

0.916 

1.96 

1.93° 

0.487 

0.473 


AO-4 

540 

440 

407 

4.41 

4.60 

5.02 

0.956 

0.930 

0.939 

0.978 

1.00 

1.06 


AO-6 

540 

445 

452 

4.46 

4.92 

4.99. 

0.904 

0.906 

0.907 

0.992 

1.00 

1.01 


AO-9 

(540) 


445 

4.90 


4.90 b 


0.90H 


1.00 


0.908 

401 

OC 

420 

474 


4.81 

5.27 

K 

0.899 


0.913 


0.983 



AO-9 

<420) 


463 

4.90 


5.39 b 


0,859 


0.909 


0,943 

403 

OC 

310 

600 


8.16 

6.26 


0.955 


1.30® 


0.733 C 



AO-1 

(310) 


603* 

5.95 


6.12* 


0.983 


0.972 


1.01 


Ao-a 

(310) 



3.19 


6.40* 




0.498 




AO-4 

310 

614 

614 

6.93 

6.33 

A. 35 

0.970 


0,937 

0.934 

1.04 

1.04 

406 

OC 

360 

220 


2.11 

2,37 

h 

0.931 


0.690 


1,04 



AO-9 

(360) 


169 

1.91 


2.14 


0.650 


0.979 


0.984 

606 

AO-1 

(228) 



3.36 


3.8l b 




0.957 




AO-2 

225 

303 

343 

3,37 

2.65 

3.18 

1.06 

1,08 

1.16 

1.06 

0.899 

i.w c 


AO-3 

225 

345 

360 

1.90 

3.23 

3.24 

1.07 

1.06 

0.368 

0.396 

1,82* 

1,84 


AO-4 

(225) 


.736* 

3,51 


3.38 


1.00 


1.04 


0.965 


AO-6 

225 

320 

360 

3.44 

2.97 

3.28 

1.08 

1.06 

1.16 

1.06 

0.930 

1.02 

5 07 

PC-1 

(215) 


132 

1.85 


1.33 d 


0,992 


1.17 


0.832 


PC-a 

(215) 


130 

1.50 


1.42* 


0.921 


1.06 


0.867 


PC-4 

215 

127 

126 

1.49 

1.20 

1.21 

1.06 

1.06 

1.24 


0,682 

0.859 


PC -6 

215 

156 

187 

1.49 

1.50 

1.51 

1.04 

1.04 

1.00 

0.997 

1.05 

1,05 

603 

AO-1 

178 

167 

162 

1.89 

1.51 

1.46 

1.11 

1.11 

1.25 

1.29 

0.885 

0.857 


AO-4 

175 

160 

158 

1.83 

1.45 

1.55 

1.11 

1.00 

1.26 

1.19 

0.874 

0.847 


AO-3 

(175) 


160* 

1.84 


1.60* 


1.00 


1.15 


0.8 V 0 


AO—4 

<175) 



1.92 


1.67 b 




1.13 



606 

AO-1 

165 

152 


1.81 

1.37 


1.11 


1.32 


0,840 



AO-6 

(165) 


174 

1.63 


i,eo b 


1.09 


1.02 


1.07 

707 

AO-3 

120 

73,6 

66.6 

0.754 

0.609 

0,570. 

1.21 

1.22 

1.24 

1.32 

0.976 

0.923 


AO-6 

<120) 



0,868 


0,643 b 




1.05 




AO-6 

120 

74,3 

86.0 

0.870 

0.602 

0.694 

1,24 

1.23 

1.45 

1.23 

0.856 

0.989 

613 

LAC 

100 

8.61 

9.81 

0.0979 

0,0675 

0.0626 

1,50 

1,52 

1.70 

1.56 

0,679 

0,971 


Notes: (1) I| 1 ■ baied on the ion-chamber meaeu.remetits by the radio chemical project (Reference 5). 

(2) I« la baaed on the ion-chamber measurements by the field project (Reference 4). 

(3) I la baaed on the calibrated gamma-aclntlllation-counter measurements by the field project 

(4) Ai and Ae are derived from Ij and I a respectively. 

(5) ij m la * Ia/Aa , ij * 1 /Ai, ia* » 1 /Ae , r* • li/l', r a - I a /1 . 

a Value estimated from decay data, 
b Value estimated from radlochenlstry data, 
c Value not used in computing mean value. 
































CURRENT PER FISSION WITH MEDIAN PARTICLE SIZE 
*Y GROSS FALLOUT SAMPLES 
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Figure 7 

VARIATION OF ION CURRENT PER GAMMA COUNT RATE WITH MEDIAN 
PARTICLE SIZE FOR SHOT SMALL BOY GROSS FALLOUT SAMPLE 




50 percent of the total sample weight; in others, it was generally in ex¬ 
cess of 50 percent. 

Estimation of Specific Activity 

The major difficulty in estimating specific activity from measure¬ 
ments of the weight and activity of a fallout sample is in the determin¬ 
ation of the weight of the fallout particles, given the total sample 
weight including that of the background dirt and debris. Virtually no 
experimental method, except the individual separation of the particles, 
i'. available for resolving this difficulty. 

As described previously, the percentages of the total activity of a 
fallout sample that was attached to the broken particles and background 
dirt were estimated through graphical analyses of the distribution. The 
radioactivity of these two components was redistributed proportionally 
among the particles of the true fallout size distribution, and the spe¬ 
cific activity of each size fraction was calculated. This corrected spe¬ 
cific activity for each size fraction of a fallout sample is the first 
approximation of the average fallout specific activity of that size frac¬ 
tion. Since, for the size range of the fallout particles in the samples, 
the specific activity must be a monotonically iecreasing function of par¬ 
ticle size, the computed specific activity values that deviate from this 
criterion are discarded. The remaining values from all samples then give 
a spectrum of specific activity values when plotted as a function of par¬ 
ticle diameter. Further, it is clear that combinations of values giving 
the highest specific activity in each size fraction should be the best 
estimate of the true average specific activity of the fraction, since it 
must contain the least percentage of extraneous inactive dirt. Also, 
since the samples with the highest specific activity were those contain¬ 
ing background dirt in which the large-sized fraction amounted to lens 
than 15 percent of the total sample weight, the error incurred by using 
the highest observed specific activity as the true average specific ac¬ 
tivity should not be very large. This technique was thus used to derive 
the specific nctlvity as a function of particle size for the Shot Small 
Boy fallout. 
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During the process of analysis, several interesting observations per¬ 
tinent to the basic assumptions of the present study were made, 

1. Samples from the same location usually have different activity- 
particle size distributions but have the same limits of fallout 
particle sizes (at the break points in the distribution curve). 

This finding supports the argument in the analysis section about 
fallout particle size limits at a particular location. 

2. The estimated size limits of fallout particles decrease, and the 
size range narrows, with increasing downwind distance of the col¬ 
lecting stations. This observation agrees with the general the¬ 
ory of fallout distribution and lends further support to the size 
limit argument. 

3. The samples that have size fractions with the highest specific 
activity are either those along the hot line (such as Stations 201, 
305, and 505) or those near shelters that were collected at ear¬ 
lier times (such as Stations 100, 203, and 507, and 0C samples). 
This observation is a result of the facts that a maximum amount 

of fallout was deposited on the former and a minimum amount of 
background dirt was introduced in the latter. 

4. For close-in stations where the weight of fallout was relatively 
high, the average specific activity decreases with increasing 
particle size. This observation led to the assumption that, for 
the larger particles, the specific activity is a monotonically 
decreasing function of particle size. 

5. For far-out stations such as Station 707, where the weight of 
fallout was very low, the fallout was generally obscured by the 
amount of background dirt. For these samples, the computed val¬ 
ues of the specific activity decrease as the median particle size 
decreases and these computed values no longer represent the true 
specific activity of the fallout. 
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The estimated specific activity, at a maximum value of 2.4X10 15 

fissions/gm, exceeds the value of c of Equation 3 for B and 

max 

W values of unity by about a factor of 3.4. Thus, the specific 
activity of the fallout apparently increases for detonations 
above ground surface. (The average specific activity would be 
less and can only be estimated from integrations of fallout pat¬ 
terns for each particle size group as described in Reference 9.) 


M 

:b, 

Jgr 



RESULTS AND DISCUSSION 


The specific activity of the various size fractions for fallout sam¬ 
ples collected from Shot Small Boy are summarized in Table 7. The esti¬ 
mated specific activity of the fallout is plotted as a function of parti¬ 
cle size in Figure 8. The two highest specific activity values for each 
size range are shown. 

The curve in Figure 8 is given by 

T 5 X 10 le M - p"" 6 * 91 X 

c f _ = — . . . - -—— d ^ 50 to 10,000 microns (11) 

*• P d 

for d in microns and C£p in fissions/gm. The form of Equation 11 and the 
values of the empirical constants indicate that, for particles with diam¬ 
eters of less than about 200 microns, the radioactive content of the par¬ 
ticles is proportional to the particle volume or weight and that, for 
particles with larger diameters, the radioactive content becomes increas¬ 
ingly concentrated on the surface of the particles. For the particles 
with diameters larger than about 2,000 microns, the radioactive rontent 
is essentially proportional to the surface area of the particles (i.e., 

Cfp is essentially proportional to 1/d). The limiting value of c£ p in 
Equation 11 would be 2.42 X 10 15 fissions/gm. However, it is not expected 
that Equation 11 would represent the specific activity of the Shot Small 
Boy fallout for particles with diameters of less than about 50 microns. 

The true value would be expected to increase again as the particle size 
decreased to values of less than 10 to 50 microns. However, from the 
limiting particles sizes given in Table 7 , the representation of Equa¬ 
tion 11 should apply to the entire region of heaviest fallout deposit 
from Shot Small Boy. 
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Table 7 


FIRST APPROXIMATION OF SPECIFIC ACTIVITY FOR SIEVED FRACTIONS 
OF SHOT SMALL BOY FALLOUT SAMPLES 
(lO* 9 flssions/gm) 

Estimated 

Mean Particle Size of Sieved Fraction Limiting Sizes 



Sample _ 


(microns) 



of Fallout 

Particles 

Station 

Number 132 

264 

530 

1.060 

2.120 

-3.400 

Maximum 

Minimum 

100 

PC-1 


1.80 

1.41 

0.865 


2,300 

230 


PC-5 


2.21 

1.64 

1.23 


2,600 

250 


PO-1 


1.86 

1.32 

1.14 


2,800 

240 

101 

OC-1 


1.67 

1.22 

1.13 

0.571 

4,000 

460 

201 

AO-4 


1.71 

1.23 

1.11 

1.09 

4,000 

270 

203 

PO-2 


1.82 

1.42 

1.27 


2,700 

310 


PC-16 


1.74 

1.39 



2,700 

310 

301 

OC 


1.88 

1.43 

1.15 


2,500 

275 

305 

AO-3 


2.01 

1.49 



2,000 

320 


AO-4 


1.70 

1.54 

1.10 

0.937 

4,000 

320 


AO-6 


2.01 

1.38 



1,500 

330 

401 

OC 

2.04 

1.95 

1.70 



800 

220 

403 

AO-4 

1.79 

1.58 




1,000 

160 

505 

AO-2 

1.70 

1.68 




700 

160 


AO-3 

2.01 

1.11 




700 

160 


AO-6 

1.65 

1.11 




700 

150 

507 

PC-4 

1.78 

1.35 




700 

135 


PC-5 

2.17 





700 

140 

603 

AO-1 

1.83 

1.09 




500 

120 


AO-2 

1.98 





500 

110 

605 

AO-1 

2.07 





300 

130 

707 

AO-3 1.55 

0.951 





250 

90 


AO-9 1.66 






250 

90 
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Kt'MMAKY 

In the analy*i* in this report of the aped t ic uctlvity of the fall' 
out from Shot Small lk»y that was collected in heavy fallout region*, it 
wua found that, whan Zr-95, Ce-1*N, and Mo-99 are not fractionated with 
roapact to each other, the abaolute fission content of the fallout cun 
be accurately determined from detecting equipment without reference to 
« itlnglo radionuclide. The apecific activity of the fallout wn* found 
to be eauenttally independent of particle sue for particles with dtnm- 
i ter* from about 50 to 200 micron* (i.e., the radioactive content is 
proportional to particle volume). For particles with diameters larger 
than about 2,000 microns, the radioactive content ia essentially propor¬ 
tional to the surface area of the particles. An exponential function, 
fitted to the data, waa used to represent the dependence of the specific 
activity on particle diameter in accordance with the observed shift in 
mode of the radioactive particle formation from volume to surface area 
incorporations. 


mm**. 
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Data on the fallout specific activity from Shot Small Boy was analysed. The specific 
activity for particles of about SO to 200 microns in diameter was approximately con¬ 
stant, and for particles over 2,000 microns was approximately inversely proportional 
to particle diameter. An exponential function was fitted to the data to represent th< 
dependence of specific activity on particle diameter in shifting from volune to sur¬ 
face area modes of incorporation of specific activity. - 
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